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Abstract 

Background: Parathyroid hormone (PTH) secreted by parathyroid glands re- 
gulates the metabolism of calcium and phosphorus in bone and kidney. 
Thereby, it can stimulate bone formation, and is a promising agent in the 
treatment of osteoporosis. Mature form of PTH consists of 84 amino acids; 
however, the first 34 residues of PTH cover the majority of hormonal action. 
Methods: In this study, the fusion form of highly soluble rhPTH was expressed 
at high level in Escherichia coli (E coli). His 6 -thioredoxin as an extension for 
rhPTH improves the solubility of inclusion body. His 6 -thioredoxin-hPTH (1-34) 
was ligated into pET32a expression vector. The insertion of 5 amino acids 
(Asp-Asp-Asp-Asp-Lys) in the N-terminal of PTH made this protein to be di- 
gestable specifically by enterokinase enzyme. The fusion form of rhPTH was 
harvested and purified by immobilized affinity chromatography followed by 
digestion with enterokinase. Digested rhPTH was purified by applying on size 
exclusion and ion exchange chromatography to get the highest purity. 
Results: The mass spectroscopy analysis shows rhPTH molecular weight was 
4117.5 Da. The purity was measured by HPLC column which showed more 
than 97%. Bioassay analysis of rhPTH was performed on rat sarcoma cell 
UMR-106 in parallel with commercially available rhPTH, Forteo. The result 
was measured through immunofluorescence detection bit. The data showed 
that the potency of rhPTH was comparable with commercially available 
medicine. 

Conclusion: Thioredoxin was applied as a fusion partner for production of 
highly soluble rhPTH. This specific fusion partner increased protein solubility 
and decreased protease reactivity. Purification process was optimized for high 
recovery and for purity more than 99%. As its biological activity is compara- 
ble with marketed drug, this protein is qualified for biopharmaceutical usage. 
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Introduction 

Extracellular calcium homeostasis is regu- 
lated by Parathyroid hormone (PTH), which 
acts directly on kidney and bone. In human, 
PTH is an 84-amino acid polypeptide \ The 
intact protein is composed of 115 amino acid 



residues. Twenty five N-terminal amino acids 
are cleaved off when they pass through the 
lumen of endoplasmic reticulum by signal 
peptidase 1,2 . Other 6 amino acid residues are 
cleaved off in Golgi complex and mature PTH 
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with 84 amino acids is secreted 2 . It is shown 
that the first 34 N-terminal amino acids cover 
the most hormonal action of the intact hPTH. 
This fragment can regulate calcium and phos- 
phate homeostasis and control bone resoprtion 
as well 3 . Daily subcutaneous injection of hu- 
man PTH (hPTH) (1-34) stimulates bone for- 
mation and intensifies bone mass in osteopo- 
rosis 4 and ovariectomized monkeys 5 . More- 
over, it is demonstrated that hPTH (1-34) pos- 
sess anti-apoptotic effects in rat osteosarcoma 
6 . These findings reveal that hPTH (1-34) has 
medical and pharmaceutical applications for 
osteoporosis treatment 1 . These may be due to 
the fact that hPTH stimulates cyclic AMP- 
dependent protein kinase in a group of bone 
cells bearing PTH receptors and indirect os- 
teoblasts proliferation 8 . 

hPTH (1-34) has been produced in different 
forms including synthetic and recombinant. 
Variety of host systems including E. coli, Sac- 
charomyces cerevisiae, Pichia pastoris, and 
mammalian cell lines have been used to ex- 
press this protein 910 . Comparing the full 
length hPTH, recombinant N-terminal frag- 
ment (amino acids 1-34) [rhPTH (1-34)] has 
been shown to have most of the hormonal ac- 
tions in body 10 . 

One of the obstacles in expression of re- 
combinant hPTH (rhPTH) is digestion by in- 
tracellular proteases n . A successful scenario 
to overcome this issue is to produce rhPTH in 
the fusion form with another polypeptide. 
There are several reports for application of 
different fusion partners including Achromo- 
bacter protease I, Staphylococcus aureus V8 
protease 12 and Fc fragment of human IgGl 13 . 
b-galactosidase derivatives are examples of 
other reported fusion partners 12 . In addition, 
Chunxiao and his/her co-worker selected the 
N-terminal Pro-Pro as the fusion partner 14 ' 15 . 

In this article, thioredoxin was selected as 
the extension for rhPTH. Thioredoxin makes 
the expressed protein more soluble and the 
inclusion body is dissolved in lower urea con- 
centration 16 . In addition, it is possible to ob- 
tain higher expression by using this fusion 
partner and it can be purified using IMAC 



regarding His6 tag binding affinity to N ter- 
minal of the expression cassette 16 . Liu and 
co-workers expressed PTH (1-84) using the 
same fusion partner in E. coli 10 . However, 
there is no report on recombinant hPTH (1-34) 
expression in E. coli with present fusion part- 
ner design, including specific protease recog- 
nition site ( Asp-Asp- Asp- Asp-Lys). This fu- 
sion polypeptide prevents non-specific diges- 
tion of the protein and enables an efficient 
purification process. 

The purification optimization was per- 
formed by using three steps with Ni-NTA 
resin, size exclusion and ion exchange chro- 
matography using SP sepharose resins. The 
purification results were analyzed by SDS- 
PAGE electrophoresis and confirmed by re- 
verse phase analytical high performance liq- 
uid chromatography (RP-HPLC). 

Materials and Methods 

Strains, plasmids and enzymes 

E. coli BL21 (DE3) (Novagen, USA) was 
used as the host for gene expression. The 
pET32a(+) expression plasmid was obtained 
from Novagen, USA. Restriction enzymes 
and modifying enzymes were purchased from 
Takara, Japan and enterokinase was obtained 
from Invitrogen, USA. 

Construction of the expression vector 

The gene encoding the first 34 amino acids 
of PTH, 5 amino acid residues (Asp-Asp-Asp- 
Asp-Lys), thioredoxin and His6 tag sequence, 
were synthesized by CinnaGen, Iran. PTH(1- 
34) gene was located at the C terminal of Lys. 
This sequence was ligated into pET32a+ (In- 
vitrogen Co, USA) between Bgl II -Kpn I 
site of plasmid, then the pET32a-PTH was 
transformed into E. coli BL21 as cited in the 
instruction manual of the kit (Invitrogen Co, 
USA) (Figure 1). The orientation of the gene 
was confirmed by restriction enzyme diges- 
tion and DNA sequencing (SinaClone, Iran) 
(data not shown). 

Expression in E. coli 

A single colony of the fresh E. coli BL21 
transformants bearing pET32a-PTH was cul 
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Figure 1. The schematic representation of PTH expression 
cassette including T7 promoter, thioredoxin coding sequence, 
His Tag coding sequence, enterokinase recognition site and 
PTH start coding sequence 

tured in 10 m/ LB media containing Ampicilin 
(100 jug/ml) overnight 11 . The cell suspension, 
1 ml, was transferred to 300 ml of the same 
media for an additional 18 hr at 37 °C and 160 
rpm. The harvested cell suspension was di- 
luted 10-fold in fermentation process with LB 
Broth containing Ampicilin (100 jug/ml) and 
cultured in 5L fermentor at 37 °C with aera- 
tion rate of 1 (v/v/m) and agitation rate of 200- 
600 rpm. The expression of the His6-Thio- 
redoxin-hPTH (1-34) fusion protein was in- 
duced at OD 0.9 by addition of IPTG (Cinna- 
Gen Co., Iran) to a final concentration of 
1 mM. The biomass was harvested after 5 hr 
of fermentation followed by centrifugation at 
9500 rpm for 10 min. The cell pellet was kept 
frozen at -70 °C. Polyacrylamide-gel electro- 
phoresis in the presence of SDS (SDS-PAGE) 
was used to determine the expression level of 
the His6-thioredoxin-hPTH (1-34) fusion pro- 
tein. 

Extraction and site-specific cleavage of product 

The frozen biomass of E. coli was resus- 
pended in lysis buffer (20 mM Tris-HCl pH=8 
containing 6 M Urea) on ice. The suspended 
cells were disrupted and homogenized at 1200 
Psi, followed by centrifuging at 9500 rpm, 
4 °C for 45 min. The supernatant containing 
the fusion protein was collected and applied 
to Ni-NTA resin (column XK 50/40, GE, USA). 
The column was equilibrated with 50 mM 
Tris-HCl pH=8 containing 6 M Urea followed 
by washing with wash buffer (20 mM Tris- 
HCl pH=8 containing 6 M Urea, 2 M NaCl). 
The fusion protein was eluted with elution 
buffer (20 mM Tris-HCl pH=8 containing 6 M 
Urea, 2 M NaCl and 18 mM Immidazole). 
Fractions containing His6-Thioredoxin-hPTH 



(1-34) fusion protein were pooled and de- 
salted by dialyzing for 24 hr at 4 °C in dialy- 
sis buffer (20 mM Tris-HCl pH=8 containing 
10% w/w Tween 20 ,0.1 MCaCl 2 ). 

Proteolytic cleavage of fusion protein with en- 
terokinase 

In order to cleave hPTH from its tag, the 
desalted fusion protein was digested with en- 
terokinase enzyme (EK MAX, Invitrogen Co., 
USA) for 16 hr at room temperature with dif- 
ferent enzyme units. The digestion reaction 
was terminated by reducing the pH with 2 M 
acetic acid. 

Purification of recombinant PTH 

The digested mixture was applied to size 
exclusion chromatography column (GE, USA) 
by FPLC (AKTA purifier, GE, USA) that was 
equilibrated with 20 mM sodium acetate and 
50 mM NaCl Fractions were analyzed by 
SDS-PAGE. Then hPTH without His 6 -thio- 
redoxin tag was pooled and loaded on ion ex- 
change chromatography column with SP se- 
pharose resin (GE, USA). The column was 
equilibrated and washed with equilibration 
buffer (0.01 M ammonium acetate pH=4.5 
containing 50 mM NaCl) and washing buffer 
(0.02 M ammonium acetate pH=5.2 contain- 
ing 0.1 M NaCl), respectively. The recombi- 
nant hPTH (1-34) peptide was eluted with 
0.02 M Ammonium Acetate and 1 M NaCl. 
The fractions were collected and kept at 4 °C. 

Purity analysis 

To estimate the purity of the SP fractions, 
RP-HPLC analysis (CI 8, Agilant, USA) was 
performed. HPLC chromatogram of hPTH (1- 
34) was performed using a linear gradient of 
100% A, 0% B solutions in 25 min, flow rate 
1 ml/min. Solution A contained acetonitril and 
0.2 MNa 2 S0 4 (1:9 w/w) and solution B con- 
tained acetonitril and 0.2 M Na 2 S0 4 (1:1 
w/w). Sample, rhPTH (1-34), and standard 
hPTH (Forteo) (Eli Lilly, France) were di- 
luted with dilution buffer (acetonitril and 0.3 
MNa 2 S0 4 , 31/69 w/w) to the final concentra- 
tion of 0.1 mg/ml. Then 25 jul of each diluted 
samples were applied to HPLC column. Pro- 
teins were monitored by UV detection at 
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214 nm. 

Mass spectrometry was performed to obtain 
the molecular weight of the protein on a Fin- 
nigan LCQ-Classic MALDITOF mass spec- 
trometer. 

Biological activity 

Preparing sample dilution: Samples contain- 
ing Forteo (Eli Lilly, France) and rhPTH were 
diluted to final concentration of 1 juM/ml with 
DMEM-F12, 1% BSA (Bovine Serum Albu- 
min) (Sigma, USA). Then, a series of dilu- 
tions, 1:1000-1:8000 final concentration in 
the assay, were prepared with DMEM with 
BSA 1%. 

Standard preparation 

The 30 juM cAMP calibrator (Sigma, USA) 
was diluted with cAMP Assay Buffer (Catch 
Point Cyclic-AMP Fluorescent Assay Kit, 
Molecular Devices, USA) to prepare stock 
calibrators of 1:1000-1:8000 final concentra- 
tion in the assay. 

Cell preparation 

Flasks containing UMR 106 cells (ATCC, 
USA) were treated with 1 ml trypsin (GIBCO, 
USA) and resuspended to final concentration 
of 0 . 1 x 1 0 6 cell/well with DMEM-F 1 2 (GIBCO , 
USA), 10% FBS (GIBCO, USA). Then 200 juL 
of cell solution, 20000 cell/well, were trans- 
ferred to each well of 96 well-plate and incu- 
bated for 24 hr. Wells were washed two times 
with HBSS buffer (Hank's Balanced Salt So- 
lution). Afterwards, 100 jul of each hPTH (1- 
34) and Forteo, reference standard, (Eli Lilly, 
France) dilutions were separately added to 
each well and incubated with gentle shaking 
at 25 °C for 20 min. Samples were discarded 
and wells were washed twice with 300 jul 
HBSS. Assay Lysis Solution, 100 jul (Catch 
Point Cyclic-AMP Fluorescent Assay Kit, 
Molecular Devices, USA) were added to each 
well and plate was incubated for 30 min at 
37°C. 

Cell stimulation and cAMP detection 

Cell lysate was mixed gently with mul- 
tichannel pipette and 40 jul of the solution was 
transferred to cAMP screen assay plate. Re- 
constituted Rabbit anti-cAMP antibody, 40 jul, 



was added to each well except control wells. 
The plate was placed on shaker for 5 min. 
Then 40 jul of reconstituted HRP-cAMP con- 
jugate was added to all wells and incubated 
for 2 hr at room temperature. The plate con- 
tent was aspirated and washed 4 times with 
300 }il wash buffer (Catch Point Cyclic-AMP 
Fluorescent Assay Kit, Molecular Devices, 
USA) for each wash. Then 100 jul of Spotlight 
Red substrate (Catch Point Cyclic-AMP Fluo- 
rescent Assay Kit, Molecular Devices, USA) 
were added to each well. The plate was cov- 
ered to be protected from light and was incu- 
bated in room temperature for 10 min. Fluo- 
rescent intensity of the plate was read in Exci- 
tation filter 525-530 nm, Emission filter 590- 
570 nm. The average intensity values (y-axis) 
were plotted against calibrator concentration 
(x-axis) to create a calibration or standard 
curve. To calculate cAMP doses, hPTH sam- 
ples were interpolated using this curve. 

Results 

Expression construct for recombinant hPTH 

As shown in figure 1, the gene sequence 
encoded for amino acids 1-34 from PTH was 
inserted in the C terminal portion of thiore- 
doxin gene. The DNA sequence for 5 amino 
acids (Asp-Asp-Asp-Asp-Lys) as a specific 
recognition site was inserted between PTH 
gene sequence and the fusion partner DNA 
sequences. His-tag was added to the down- 
stream of Bgl II site. Two restriction enzyme 
recognition sequences, Bglll and Kpn I, were 
added to the N terminal and C terminal of the 
fusion protein, respectively. The construct 
was inserted into pET32a(+) resulting in 
pET32a(+)-hPTH34 plasmid. 

The expression vector subsequently was 
transformed into E. coli BL21 (DE3) to form 
the engineered bacterium. The highest level of 
expression was obtained 5 hr after induction 
with IPTG. This level of expression usually 
makes the recombinant protein hard to solubi- 
lise and form inclusion bodies. His6-Trx fu- 
sion partner has beneficial features of high 
solubility and it provides the possibility of 
using affinity chromatography for puriflca- 
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Figure 2. SDS PAGE pattern of induction and expression 
rate of hPTH (1-34) fusion protein. Lane 1: Before induction, 
Lane 2: Low MW marker, Lane 3: 1 hr after induction, Lane 
4: 2 hr after induction, Lane 5: 3 hr after induction, Lane 6: 4 
hr after induction, Lane 7: 5 hr after induction 

tion. As shown in figure 2 (lane 1), there is 
low expression in pre-induction sample. How- 
ever, the productivity was higher three hours 
after the induction and reached to the highest 
level after 5 hr (Figure 2, lane 7). 

Cleavage of the product 

The fusion protein was purified using Ni- 
NTA due to the presence of His6 tag. Then, 
the fusion partner with 18 kDa, was separated 
from rhPTH through digestion with en- 
terokinase (Figure 3). The enzyme to sub- 
strate ratio was optimized at lowest level, 
0.341 per/mg of protein. Two bands, fusion 
partner 18 kDa and rhPTH 4 kDa, are clearly 
demonstrated in the SDS-PAGE. Lane 1 is the 
undigested fusion protein. Lane 2 is rhPTH 
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Figure 3. SDS-PAGE pattern of the digested fusion protein. 
Lane 1 is undigested PTH fusion protein, lane 2 is Forteo as 
the standard and lane 3 is the digested PTH fusion protein 
with enterokinase. There are two major bonds after diges- 
tion, 18 kDa and 4 kDa represent fusion partner and PTH, 
respectively 

standard. Lane 3 shows complete digestion 
fusion protein. Presence of specific digestion 
site (Asp-Asp-Asp-Asp-Lys) for enterokinase 
prevents non-specific digestion of rhPTH. 

Purification process 

The digested proteins were applied to size 
exclusion column (Superdex 75) followed by 
SP sepharose column. The purified rhPTH 
with more than 97% purity was obtained (Fig- 
ure 4A: lanes 2, 3, 4, 5, 6, 7 and 8 different 
fractions from ion exchange column). These 
findings are in line with what other research- 
ers have previously found n . In our system 
the purification steps were restricted to three 
columns. The majority of the impurities were 
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Figure 4. SDS-PAGE pattern of size exclusion (a) and ion exchange (b) chromatography fractions; A) SDS-PAGE analysis of size 
exclusion column fractions. Lane 1 is the digested sample and lanes 2-6 are fractions of SE column. There is some undigested pro- 
tein in lane 1; B) SDS-PAGE analysis of SP sepharose FF fractions. Lane 1 is pooled SE column fractions, lane 2 is empty and lanes 
3-5 are fractions of SP sepharose FF 
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Figure 5. HPLC analysis of SP sepharose pooled fraction. A single peak at 22 min retention time represents the 

purity of rhPTH (more than 99%) 
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Figure 6. Mass spectrometry of rhPTH done in Boku University, Austria, is showing 41 17.50 Dalton molecular weight 



Table 1 . Biological activity assay with cAMP production measurement 

Sample/Dilution factor 1:1000 1:2000 1:4000 1:8000 

Control (-) 3.255 3.23 3.245 3.25 

Test dilution 0.53 0.545 0.695 1.355 

Forteo 0.465 0.685 0.84 1.235 

PTH 0.465 0.63 0.78 1.22 



taken during Ni-NTA followed by specific 
binding to Sp sepharose fast flow column. 
The final recovery found to be 42% (data not 
shown) with 99.7% purity. The first 8 N- 
terminal amino acids of the purified proteins 
were similar to what was found in standard 
rhPTH from NIBSC through mass spectros- 
copy (data not shown). 

The purity of rhPTH was confirmed using 
RP analysis by analytical HPLC (Figure 5). 
A single sharp peak was demonstrated at re- 
tention time of around 20 min. The RP HPLC 
diagram was the same as the standard sample 
from NIBSC (data not shown) and the impuri- 
ties were less than 0.3%. In addition, Mass 
spectrophotometry analysis show that the mo- 
lecular weight of rhPTH was 4117.5 Da (Fig- 
ure 6). The molecular weight of pro-pro-pro 



PTH was reported as 4311.46 14 . If Pro-Pro- 
Pro is eliminated, the right molecular weight 
(41 17.5 Da) will be observed. 

Biological activity 

The binding of the rhPTH receptors was 
measured by assaying stimulated cAMP gen- 
eration by the osteogenic sarcoma cell culture. 
PTH bioassays in vitro have the most com- 
monly utilized cultured animal tissue, and the 
tissue extract contains adenlate cyclase and 
animal cells 18 . PTH binds to its receptors 
causing a complex response in tissues, cells or 
extracts that can be measured by the stimu- 
lated generation of cAMP 19 ' 20 . In the present 
study, UMR 106 cells were chosen for in vitro 
determination of rhPTH biological activity. 

The purified rPTH increased the cAMP 
level in UMR 10 6 cells which is rat osteo- 
genic sarcoma cell line by interaction with 
surface receptors (Table 1). The positive con- 
trol was the commercially available rPTH, 
Forteo. The potency of the sample was 99.7% 
according to the standards and the testing cri- 
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teria for protein activity. As it is shown in ta- 
ble 1, the optical density obtained in each di- 
lution was comparable with what was ob- 
tained by Forteo. The standard curve demon- 
strates validation of the test. The potency of 
rhPTH was similar to Forteo. 

Discussion 

The successful expression of rhPTH in 
E. coli needs fusion partner, since low mo- 
lecular weight rhPTH without fusion partner 
is susceptible to endogenous protease diges- 
tion 11 . In addition, the problems encountered 
in over expression of other proteins in bacte- 
ria are overcome through the use of fusion 
proteins 21 . Therefore, selection of the right 
fusion partner is a critical issue. Recombinant 
hPTH (1-34) has been expressed in E. coli by 
fusing to different fusion partners such as as- 
parginase C-terminal fragment and human 
growth factors 21 , the E. coli maltose-binding 
protein (MBP, 40 kDa), the E. coli N-utilizing 
substance A (NusA, 54.8 kDa), and thiore- 
doxin(Trx, 11.7 kDa) 10 . 

E. coli Thioridoxin (Trx) is an abundant 
small (Mr 12,000) redox protein and a catalyst 
for reducing protein disulfide bonds 23 . Trx 
takes less energy to obtain a certain number 
of molecules and reduce steric hindrance, there- 
fore it reduces inclusion body and simplifies 
downstream applications 24 . It also has been 
reported that Trx increases the solubility of 
foreign proteins expressed in E. coli as well 24 . 

Liu and colleagues showed that the expres- 
sion level of 23% of total bacterial protein is 
high enough for large scale production 10 . In 
the present study, the level of expression was 
more than 50% of total bacterial protein. 

Since rhPTH contains Lys, Arg, Glu, Asp 
and some aromatic amino acids, the selection 
of a protease that recognizes these amino ac- 
ids should be avoided. One of the protease 
specific sites is SVKKR that was ligated in 
the 5' site of rhPTH 12 . Kex2-660 and kex2 
enzymes have been used for the above prote- 
ase recognition site which contains RR, KR, 
and RR sequences 8 . The recognition se- 



quence, Asp-Asp-Asp-Asp-Lys, integrated in 
the present construct of rhPTH, is shown to be 
very specific. 

The final yield of rhPTH, after purification, 
was 100 mg/l, higher than 27 mg/l of the most 
efficient direct expression strategy 25 and 5- 
8 mg/l of soluble fusion protein system using 
the C-terminus of a 15 kDa IgG-binding pro- 
tein from Staphylococcus aureus protein A as 
a fusion partner 26 , and also more than 30 mg/l 
of hPTH tagged with GST and cleaved with 
Factor Xa 27 . 

Conclusion 

High expression level with high solubility 
was obtained using thioredoxin as a fusion 
partner for PTH. This specific fusion partner 
increased protein solubility and decreased 
protease reactivity. Purification process was 
optimized for high recovery and for purity 
more than 99%. The biological activity and 
potency were found to be similar to reference 
standards, Forteo and NIBSC rhPTH. This 
protein has all the criteria as a good candidate 
for biopharmaceutical interest since it demon- 
strates biosimilarity to Forteo, one of the well 
defined biopharmaceutical proteins which is 
available in the market. 
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